Rats fed a 20%-maple syrup diet (maple syrup group) for 11 d showed significantly lower values of the hepatic function markers than those fed a 20%-sugar mix syrup diet (control). The reason was suggested by a DNA microarray analysis which revealed that the expression of genes for the enzymes of ammonia formation were down-regulated in the liver of the maple syrup group.
Maple syrup is a popular food product consumed by a large number of infants, adults and even elderly people throughout the world. Historically, they have a long dietary custom of maple syrup as a palatable sweetener. The constituents of maple syrup are mostly sugars, with minor substances including minerals and vitamins. Nutritionally, maple syrup is characterized by containing manganese and zinc. 1, 2) Recent studies have reported that maple syrup contained phenolic compounds as lignans as well as coumarins, 3, 4) and quebecol. 5) Maple syrup phenolic compounds may have antioxidative activity, 6) and a butanol extract of maple syrup could also have -glucosidase-inhibitory activity in vitro. 7) Although those data suggest the possible effects of ingested maple syrup to prevent diabetes and dyslipidemia, almost no scientific evidence is available regarding the health-promoting effects of ingested maple syrup.
Industrially, harvesting and refining the sap of the sugar maple, Acer saccharum, afford maple syrup products of various grades. The Canadian criteria classify the products into extra-light, light, medium, amber, and dark grades by increased degree of translucency in this order.
1) The product of medium grade is the most consumed on the market. Considering the world-wide popularity of maple syrup, we undertook a pilot study to elucidate its health-promoting effects that may be evoked in experimental animals. We report here that a liver-protecting effect was clearly observed from a physiologic and genomic analysis of rats fed a maple syrup-containing diet.
The maple syrup product of medium grade, slightly brownish in color, was provided by the Federation of Maple Syrup Producers of Quebec (Quebec, Canada). It consisted of 33% water, 66.2% sucrose, 0.5% glucose, 0.3% fructose, and other minor constituents.
2) Threeweek-old male Wistar rats, weighing about 51 g in average, were purchased from Charles River Japan (Kanagawa, Japan). They were quarantined and conditioned by feeding the AIN93G diet (Cat. no. D10012G, Research Diets, New Brunswick, NJ, USA) for 4 d under the following conditions: temperature, 24 AE 1 C; relative humidity, 48 AE 4%; and artificial lighting, 12 h/d (8:00-20:00). The rats had free access to the diet and drinking water during this acclimatizing period. The animals were dichotomized to the maple syrup and sugar mix syrup groups (n ¼ 7 and 8), and then fed for 11 d on either the AIN93G diet containing 20% maple syrup or the 20% sugar mix syrup (water, 33%; sucrose, 66.2%; glucose, 0.5%; and fructose, 0.3%) with a similar sugar composition; the amount of maple syrup or sugar mix syrup was arranged by taking into consideration the amounts of sucrose and -corn starch added to each diet, with the resulting composition as follows: casein, 20%; L-cystine, 0.3%; sucrose, 0.25%; cellulose, 5%; soybean oil, 7%; AIN93G mineral mixture, 3.5%; AIN93 vitamin mixture, 1%; -corn starch, 13.2%; -corn starch, 29.75%; and syrup, 20%. The rats in both diet groups were then fasted for 16 h, prior to being anesthetically sacrificed for dissection. Immediately after, a blood was sampled from the carotid artery of each rat for the following biochemical investigations by Nagahama Life Science Laboratory (Shiga, Japan). Significant betweendiet group differences were detected by Student's t-test. No significant between-diet difference was found in either the total food intake or time-course body weight gain (data not shown). It should be noted that rats preferred the maple syrup as well as the simulated sugar mix syrup without any sensory rejection (data not shown) and that both the diets are nutritionally equivalent with each other. The serum biochemical parameters of the rats fed the maple syrup-containing diet, when compared y To whom correspondence should be addressed. Fax: +81-3-5841-8006; E-mail: aka7308@mail.ecc.u-tokyo.ac.jp Abbreviations: DFW, distribution free weighted method; FDR, false discovery rate; GO, Gene Ontology; RP, rank products; DEGs, differentially expressed genes; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase with those fed the sugar-containing control diet, did not show significant between-diet differences in the levels of serum glucose, total cholesterol, and triglyceride. While these metabolic parameters were similar to each other, there were differences in the serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and lactate dehydrogenase (LDH), as liver impairment markers. In particular, there were significant decreases in AST and LDH (p < 0:05) ( Table 1) .
A total RNA sample was prepared from the liver and 6 randomly selected samples were subjected to microarray analysis using the GeneChip Ò Rat Genome 230 2.0 Array (Affymetrix, Santa Clara, CA, USA), as previously described.
8) The obtained microarray data (CEL files) were quantified with the distribution free weighted method (DFW) 9) using the statistical language R 10) and Bioconductor.
11) All the microarray data were submitted to the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO Series ID GSE30532). To determine the specific effects of maple syrup on gene expression, differentially expressed genes (DEGs) between the two groups were identified by applying the rank products (RP) method 12) to the DFW quantified data. A recent study has reported that the RP method combined with a DFW preprocessing algorithm is one of the best combinations to detect DEGs accurately. 13) Using the false discovery rate (FDR) significance < 0:05, we selected 246 up-regulated and 236 down-regulated genes. To identify over-represented Gene Ontology (GO) terms in the DEGs, a functional annotation tool in the Database for Annotation, Visualization, and Integrated Discovery (DAVID) 14) and QuickGO 15) were used. GO terms with Benjamini and Hochberg FDR 16) -corrected p-value of less than 0.05 were regarded as significantly enriched. Such GO terms for genes that were up-or down-regulated by the maple syrup intake are summarized in Table 2 . The up-regulated GO terms included antigen processingpresentation, carboxylic acid (including amino acid) metabolism, oxidoreduction, hormone metabolism, and response to external stimulus (Table 2A) , whereas the down-regulated GO terms comprised amine catabolism, cellular amino acid metabolism, antigen processingpresentation, and response to chemical stimulus (Table 2B) .
It is noted that the genes for the cellular amino acid metabolic process were down-regulated, including those for such ammonia-forming enzymes as serine/threonine dehydratase and histidine ammonia lyase (Fig. 1) . Excessive formation of free ammonia in the body is generally harmful to the liver, resulting in increased values of AST and ALT. 17) Mauron et al. 18) have reported that the administration of a 20% casein diet activated serine/threonine dehydratase. There is a particular case that threonine, known as a difficultly metabolizable amino acid, can be better metabolized when ingested together with casein, leading to the induction of threonine dehydratase activity for producing 2-oxobutyrate and ammonia. 19) The high content of casein (20%) in the AIN93G diet may probably enhance the activity of serine/threonine dehydratase to liberate ammonia (Fig. 1) .
It is likely that this enhancement can be countered when the gene for this enzyme is down-regulated by the administration of maple syrup. On the other hand, the mRNA level of the gene for AST was down-regulated. This would also participate in down-regulation of serum AST. The present paper is the first to describe a bodyprotecting effect of ingested maple syrup, although details of the mechanisms involved await further experimentation. 
